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(54) Apparatus for and method of measuring corrosion degree of cable 


(57) A detecting coil device 1 is mounted on a part 
of a cable 40 whose corrosion degree is to be evalu- 
ated. The detecting coil device 1 is provided with a 
detecting coil 12 and Hall elements 10. A magnetizer 20 
having a magnetizing coil C is so mounted as to enclose 
the cable 40 and the detecting coil device 1. Current is 
caused to flow through the magnetizing coil C, to mag- 
netize the cable 40. The magnetic field strength is 
detected by the Hall element 10, and the amount of 
magnetic flux passing through the cable 40 is detected 


Fig./ 


using the detecting coil 12. The cross-sectional area of 
the cable 40 is calculated on the basis of the magnetic 
field strength and the amount of magnetic flux which are 
detected and the permeability of the cable 40. The 
degree at which the cross-sectional area of the cable 40 
is decreased (the corrosion degree) is evaluated by 
comparing the calculated cross-sectional area of the 
cable 40 with the cross-sectional area of a reference 
cable. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method of and an 
apparatus for detecting a corrosion degree of a cable 
made of ferromagnetic materials (e.g., steel) used for, 
for example, a suspension bridge, a skew bridge. 

The term "cable" includes not only a so-called cable 
made of ferromagnetic materials but also cable-shaped 
members such as a rope, strand, code, line, wire, 
thread, string, stick, rod, pole, staff, club, bar, shaft and 
the like all of which are made of ferromagnetic materi- 
als, irrespective of diameters thereof and shapes of the 
cross section thereof, and further includes a cable com- 
prising line members which are neither twisted nor 
braided together but just bundled together as well as a 
twisted cable, throughout the specification and the 
appended claims. 

Background Art 

A cable made of a metal (particularly, steel) used 
for a suspension bridge, a skew bridge, and the like is 
exposed to the weather because it is outdoors. Further, 
it is affected by salt water in the neighborhood of the 
seashore, and is affected by sulfurous acid in an indus- 
trial area. Therefore, the cable is not immune to corro- 
sion. 

The corrosion degree of the cable has been gener- 
ally evaluated as follows. 

With respect to a cable having a diameter of 60 
[mm] or less, the damage of the cable has been 
detected by a magnetic leakage flux testing. In this 
method, the local damage such as breaking can be 
detected, but the entire corrosion cannot be evaluated. 

With respect to a cable having a diameter exceed- 
ing 60 [mm], the appearance of the cable has been 
viewed, to evaluate the corrosion degree of the cable. In 
this method, the precision in the evaluation of the corro- 
sion degree of the cable is low. 

There is an apparatus for evaluating the corrosion 
degree of a cable utilizing a so-called total flux method. 
The apparatus is forced to be increased in size, and its 
magnetized state varies depending on the measuring 
environment, whereby the precision may, in some 
cages, be decreased. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
method and an apparatus in which the corrosion degree 
of a cable can be evaluated without making the appara- 
tus relatively large in size and with relatively high preci- 
sion. 

A method of measuring a corrosion degree of a 


cable according to the present invention comprises the 
steps of magnetizing an object cable of measurement 
whose corrosion degree is to be measured, detecting 
strength of a magnetic field (or magnetic field intensity) 

5 for magnetizing the object cable of measurement, 
detecting an amount of (or quantity of)(or total) mag- 
netic flux passing through the magnetized object cable 
of measurement, calculating a value relating to a cross- 
sectional area of the object cable of measurement on 

10 the basis of the detected magnetic field strength, the 
detected amount of magnetic flux, and permeability of 
the object cable of measurement, and measuring a 
degree of corrosion of the object cable of measurement 
on the basis of comparison between the calculated 

is value relating to the cross-sectional area of the object 
cable of measurement and a value relating to a cross- 
sectional area of a reference cable. 

TTie present invention presupposes that the object 
cable of measurement is a ferromagnetic material. The 

20 object cable of measurement is magnetized. Let H be 
the strength of the magnetic field (or magnetic field 
intensity) for magnetizing the object cable of measure- 
ment. Let <D be the amount of (or total or main) magnetic 
flux passing through the magnetized object cable of 

25 measurement, and B be the magnetic flux density 
thereof. 

Letting \i be the permeability of the object cable of 
measurement, and A be the cross-sectional area of the 
object cable of measurement, the following equation 
30 holds: 

B= n H = <D/A (1) 

The following equation is obtained by edifying the 
35 above equation (1): 

A= O/ n H (2) 

If the permeability n and the magnetic field strength 

40 H are considered to be constant, the cross-sectional 
area A of the object cable of measurement is propor- 
tional to the amount of magnetic flux <D. The degree of 
corrosion of the object cable of measurement appears 
in the cross-sectional area A. If there is no corrosion, 

45 the cross-sectional area A is generally kept constant. If 
the corrosion advances, the cross-sectional area A is 
decreased (a corroded portion can be regarded as a 
non-magnetic material). By making a comparison 
between the cross-sectional area of the reference cable 

so and the cross-sectional area of the object cable of 
measurement, the degree of corrosion of the object 
cable of measurement can be evaluated. 

Examples of the reference cable include an object 
cable of measurement itself, and a cable of the same 

55 materia! and construction as those of the object cable of 
measurement. When a new cable is laid or used, the 
cross-sectional area thereof is measured (this cross- 
sectional area is taken as an initial cross-sectional 
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area). When a certain time Period (for example, one 
year, five years, ten years, or twenty years) has elapsed 
since the cable was laid or used, the cross-sectional 
area of the cable which has been laid or used is meas- 
ured. If the measured cross-sectional area is compared 
with the initial cross-sectional area, the degree of corro- 
sion caused in the elapsed time period can be evalu- 
ated. When corrosion is checked with respect to a cable 
which was already provided in the past, a new cable of 
the same material, construction and size as those of the 
past cable may be produced as a reference cable. 

The use of the value relating to the cross-sectional 
area is sufficient to evaluate the corrosion degree. The 
value relating to the cross-sectional area may be the 
cross-sectional area A itself. Alternatively, it may be a 
value proportional to the cross-sectional area, the 
detected amount of magnetic flux <D, a value propor- 
tional to the amount of magnetic flux a>, and the like. 

It is not always necessary to assume that the mag- 
netic field strength H and the permeability ^i are fixed to 
be a constant According to the equation (2), if the per- 
meability ^, the magnetic field strength H, and the 
amount of magnetic flux <D are determined, a value 
relating to the cross-sectional area A is found. Conse- 
quently, the magnetic field strength H and the amount of 
magnetic flux <t> may be measured. With respect to a 
cable of the same material as that of the object cable of 
measurement (the cross-sectional area of which has 
been known), the permeability n can be previously 
obtained in correspondence with the magnetic field 
strength H. 

A ferromagnetic material generally has magnetic 
hysteresis characteristics. A method of magnetizing the 
object cable of measurement (the direction of current, 
and the directions in which the current is increased and 
decreased) is fixedly predetermined. Measurements 
are made in a region where the amount of magnetic flux 
is uniquely determined or almost uniquely determined 
with respect to the magnetic field strength. For example, 
the magnetic field strength and the amount of magnetic 
flux may be measured in a region where the magnetic 
field is saturated. 

The magnetization of the object cable of measure- 
ment can be realized by winding a magnetizing coil 
around the cable and causing current to flow through 
the magnetizing coil. 

The present invention is also applicable to a case 
where the object cable of measurement is coated or 
covered with a non-magnetic material (concrete, syn- 
thetic resin), etc.. The method according to the present 
invention is rather effective in a case where the object 
cable of measurement is coated or covered because the 
state of the cable therein cannot be viewed by eyes. 

An apparatus for realizing a method of measuring 
the corrosion degree of a cable according to the present 
invention is constructed as follows. 

Specifically, an apparatus for measuring the corro- 
sion degree according to the present invention com- 


prises a magnetizing coil for magnetising an object 
cable of measurement whose corrosion degree is to be 
measured, a magnetic field measuring device for 
detecting strength of a magnetic field formed by the 

5 magnetizing coil, a magnetic flux measuring device for - 
detecting an amount of magnetic flux passing through 
the object cable of measurement which is magnetized 
by the magnetizing coil, cross-sectional area calculating 
means for calculating a value relating to a cross-sec- 

w tional area of the object cable of measurement on the 
basis of the magnetic field strength detected by the 
magnetic field measuring device, the amount of mag- 
netic flux detected by the magnetic flux measuring 
device, and permeability of the object cable of measure- 

15 ment, and means for producing an output signal repre- 
senting a degree of corrosion of the object cable of 
measurement on the basis of comparison between the 
value relating to the cross-sectional area calculated by 
the cross-sectional area calculating means and a value 

20 relating to a cross-sectional area of a reference cable. 
When a human being compares the value relating 
to the cross-sectional area of the object cable of meas- 
urement and the cross-sectional area of the reference 
cable, the output signal producing means is not neces- 

25 sary. 

Furthermore, if a human being calculates the value 
relating to the cross-sectional area of the object cable of 
measurement, the cross-sectional area calculating 
means is unnecessary. 

30 According to the present invention, the magnetizing 
coil is wound around the object cable of measurement, 
and the current is caused to flow through the magnetiz- 
ing coil, to magnetize the cable, whereby the size of the 
apparatus is reduced and the apparatus is made light- 

35 weight, resulting in good workability. 

Furthermore, the degree of corrosion of the object 
cable of measurement is measured on the basis of the 
strength of the magnetic field for magnetizing the cable 
and the amount of magnetic flux passing through the 

40 magnetized cable, whereby high precision can be 
always maintained without depending on the measuring 
environment. 

The present invention further provides a magnet- 
izer suitable for magnetization of an object whose corro- 
45 sion degree is to be evaluated. 

The magnetizer comprises a reel to be arranged so 
as to enclose a part of an object of measurement and 
separable into a plurality of portions, means for coupling 
the plurality of portions of the reel to each other, and a 
so magnetising coil to be wound around the reel. 

The reel comprises a plurality of portions. When 
these portions are so arranged as to enclose the object 
of measurement and are coupled to each other, the reel 
can be mounted on the object of measurement. When 
55 the magnetizing coil is wound around the reel, the mag- 
netizer is completed. 

Preferably, the magnetizer is fixed to the object of 
measurement using a fixing band. If a part of the fixing 
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band enters a center hole of the reel in the magnetizer, 
the magnetizer is rotatably supported by the fixing band. 
Consequently, work for winding the magnetising coil 
around the reel is facilitated. 

The present invention further provides a detecting 
coil device used as a part of the magnetic flux measur- 
ing device. 

The detecting coil device comprises a bobbin to be 
arranged so as to enclose a part of an object of meas- 
urement, and a detecting coil to be provided in a state 
where it is wound around the bobbin. The bobbin is so 
constructed as to be separable into a plurality of por- 
tions. The detecting coil comprises coil portions respec- 
tively provided in the plurality of separable portions of 
the bobbin and connectors connected to both ends of 
the coil portions. The corresponding connectors in the 
bobbin portions are coupled to each other when the 
bobbin portions are so coupled to each other as to form 
the bobbin, and the coil Portions connected to each 
other form the detecting coil. 

The detecting coil can be thus easily arranged 
around the object of measurement 

If a magnetic field detecting element constituting a 
part of the magnetic field measuring device is provided 
in the bobbin of the detecting coil device, the construc- 
tion of the detecting coil device is made more compact. 

Other features and advantages of the present 
invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing the whole of an 
apparatus for measuring the corrosion degree of a 
cable; 

Fig. 2 is a front view showing the relationship 
between a magnetizer and a detecting coil device; 
Fig. 3 is a block diagram showing the electrical con- 
struction of the apparatus for measuring the corro- 
sion degree of a cable; 

Fig. 4 is a graph showing a magnetization curve 
indicating hysteresis characteristics; 
Fig. 5a is an enlarged front view of a detecting coil 
device, Fig. 5b is a side view thereof, and Fig. 5c is 
a cross-sectional view taken along a line VC - VC 
shown in Fig. 5a; 

Fig. 6a to Fig. 6c illustrate a bobbin in a detecting 
coil device in an enlarged manner, where Fig. 6a is 
a front view, Fig. 6b is a side view, and Fig. 6c is a 
bottom view; 

Fig. 7a is a front view of a reel constituting a mag- 
netizer, and Fig. 7b is a cross-sectional view taken 
along a line VIIB - VIIB shown in Fig. 7a; and 
Fig. 8a is a front view of a fixing band, Fig. 8b is a 
cross-sectional view taken along a line VIIIB - VIIIB 
shown in Fig. 8a, and Fig. 8c is a cross-sectional 


view taken along a line VIIIC - VIIIC shown in Fig. 
8a. 

DESCRIPTION OF THE PREFERRED EMBODl- 
5 MENTS 

Fig. 1 is a perspective view of an apparatus for 
detecting the corrosion degree of a cable (a cable-corro- . 
sion-degree detecting apparatus), and Fig. 2 is a front 

10 view showing a state in which a detecting coil device 1 
and a magnetizer 20 which constitute the cable-corro- 
sion-degree detecting apparatus are mounted on the 
cable. Fig. 3 is a block diagram showing the electrical 
construction of the cable-corrosion-degree detecting 

15 apparatus. 

A suspension bridge is taken as an example. In 
many cases, a working passage for maintaining and 
inspecting a cable 40 which suspends the bridge is pro- 
vided along near the cable 40. The working passage is 

20 formed in the shape of a staircase in a place where the 
cable 40 is inclined (a step 50). 

A magnetizer 20 is provided in a portion, which is to 
be inspected for corrosion, of the cable 40. The magnet- 
izer 20 is fixed, to be positioned, to the cable 40 by fixing 

25 bands 30 fixed to the cable 40 on both sides of the mag- 
netizer (only the front fixing band 30 is seen in Fig. 1 , 
while the illustration of the fixing bands 30 is omitted in 
Fig. 2). There is a space between the inside of the mag- 
netizer 20 and the cable 40. The detecting coil device 1 

so is provided in the space. The detecting coil device 1 is 
firmly fitted on the cable 40, 

The magnetizer 20 includes a magnetizing coil C 
wound around the cable 40. Magnetizing current is 
caused to flow through the magnetizing coil C by a 

35 power supply 45 through a current direction switching 
device (switching device) 41 which is placed on the step 
50. The direction of the current flowing through the mag- 
netizing coil C is switched by the switching device 41 
which is manually operated. A magnetic field is gener- 

40 ated by causing the magnetizing current to flow through 
the magnetising coil C, so that a portion, which is 
enclosed by the magnetizer 20, of the cable 40 is mag- 
netized. The magnitude of the current flowing through 
the magnetizing coil C from the power supply 45 is con- 

45 trolled by a computer 44. The switching of the direction 
of the current may be also controlled by the computer 
44. On the contrary, the magnitude of the current 
caused to flow through the magnetizing coil C may be 
manually adjusted. 

so The detecting coil device 1 includes a magnetic flux 
detecting coil 12 wound around the cable 40. The 
detecting coil 12 is connected to a magnetic flux meas- 
uring device (a flux meter) 43 by a shield line. The 
amount of magnetic flux passing through the cable 40 

55 magnetized by the magnetising coil C is detected by the 
magnetic flux measuring device 43, and its detection 
signal is fed to the computer 44. 

The detecting coil device 1 is further provided with 
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four Hall elements 10. The Hall elements (Hall effect 
devices) 10 are connected to a magnetic field measur- 
ing device (a Gauss meter) 42. The strength of the mag- 
netic field in the vicinity of the cable 40 to which the 
magnetizer 20 is fixed, that is, the strength of the mag- 
netic field generated by the magnetizer 20 is detected 
by the magnetic field measuring device 42 on the basis 
of the average value of Hall voltages respectively out- 
putted from the four Hall elements 10, and is given to 
the computer 44. 

The cross-sectional area (the reference cross-sec- 
tional area) Aq of a new cable having the same perme- 
ability p. as that of the cable 40, composed of the same 
material as that of the cable 40, and of the same con- 
struction and size as those of the cable 40 is previously 
entered into the computer 44, and is stored in a memory 
of the computer 44. The reference cross-sectional area 
Aq is previously measured with respect to the new cable 
in the same method as a method of measuring the 
cross-sectional area A of the cable 40 preferably using 
the corrosion degree detecting apparatus shown in 
Figs. 1 to 3. 

In the above-mentioned equation (2), the magnetic 
field strength H and the amount of magnetic flux <t> are 
respectively measured by the magnetic field measuring 
device 42 and the magnetic flux measuring device 43, 
and are fed to the computer 44. The computer 44 calcu- 
lates the cross-sectional area A of a portion, on which 
the magnetizer 20 is mounted, of the cable 40 on the 
basis of the equation (2) using the magnetic field 
strength H and the amount of magnetic flux o> which are 
given and the permeability \i previously set (a magnetic 
field strength of more than approximately 40 KA/m is 
required in order to consider the permeability to be con- 
stant). Further, the computer 44 calculates the corro- 
sion degree of the cable in accordance with the 
following equation using the calculated cross-sectional 
area A and the reference cross-sectional area Aq previ- 
ously set in the computer 44. 

Corrosion degree = A / A 0 (%) (3) 

The cable 40 is a ferromagnetic material, and its 
component is mainly iron (Fe). From the fact that a part 
of the cable 40 is corroded, it is considered that the iron 
component is changed into iron oxide (Fe 2 0 3 ) by oxida- 
tion. Iron oxide may be treated as a non-magnetic mate- 
rial because the permeability thereof is small. 

When a part of the cable 40 is corroded, the cross- 
sectional area A of a portion which is a ferromagnetic 
material is decreased depending on the degree of cor- 
rosion. Using the cross-sectional area Aq of the refer- 
ence cable as a basis, if comparison between the 
reference cross-sectional area Aq and the measured 
cross-sectional area A is made, then the degree of cor- 
rosion of the cable 40 is found. The corrosion degree 
can be also defined by the following equation in place of 
the equation (3): 


Corrosion degree = (A 0 - A) A 0 (4) 

Alternatively, the other definition can be also used, (it is 
sufficient that Aq and A can be compared with each 
s other). 

Fig. 4 shows the relationship between the strength 
H of a magnetic field to magnetize a ferromagnetic 
material and the amount of magnetic flux generated in 
the ferromagnetic material, that is, hysteresis character- 

10 istics. There is a region where the amount of magnetic 
flux 0 is not uniquely determined with respect to the 
strength H of the magnetic field due to the hysteresis 
characteristics. In the above-mentioned measurements 
of the corrosion degree, the cross-sectional area A of 

15 the cable 40 is calculated from the relationship between 
the magnetic field strength H and the amount of mag- 
netic flux <D in a region where the amount of magnetic 
f lux 0 is saturated. 

More preferably, the cross-sectional area A or the 

20 corrosion degree is calculated on the basis of the aver- 
age value of measured values at a plurality of points on 
a magnetization curve, as described below. 

The magnetizing current caused to flow through the 
magnetising coil C is gradually increased from 0 [A] until 

25 the magnetic flux is saturated (to 500 [A], for example). 
The magnetic field strength Hj and the amount of mag- 
netic flux 0 1 in a case where the magnetic flux is satu- 
rated are respectively measured by the magnetic field 
measuring device 42 and the magnetic flux measuring 

30 device 43. The cross-sectional area A 1 for the first time 
is calculated in accordance with the equation (2) using 
the magnetic field strength H t and the amount of mag- 
netic flux 0 1 which are measured and the permeability 
\i of the cable 40. 

35 The magnetizing current is then gradually 
decreased, and is returned to 0 [A] once. The current 
direction switching device 41 is operated, to switch the 
direction in which the magnetizing current flows. The 
magnetizing current is gradually increased in a negative 

40 direction. When the magnetic flux is saturated (for 
example, when magnetizing current of - 500 [A] flows), 
the magnetic field strength H 2 and the amount of mag- 
netic flux <D 2 are respectively measured by the magnetic 
field measuring device 42 and the magnetic flux meas- 

45 uring device 43. The cross-sectional area A 2 for the sec- 
ond time is calculated from the equation (2) using the 
magnetic field strength H 2 and the amount of magnetic 
flux <D 2 which are measured and the permeability \i of 
the cable 40. 

so Furthermore, the magnetizing current is gradually 
increased in a positive direction from - 500 [A], and is 
returned to 0 [A] once. The current direction switching 
device 41 is so operated that the direction of the mag- 
netizing current is reversed again, after which the mag- 

55 netizing current is gradually increased in a positive 
direction to 500 [A] again. The magnetic field strength 
H 3 and the amount of magnetic flux <D 3 at that time are 
measured. The cross-sectional area A 3 for the third time 
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is calculated from the equation (2) using the magnetic 
field strength H 3 and the amount of magnetic flux <D 3 
which are measured and the permeability n of the cable 
40. 

The magnetising current is gradually decreased 5 
from 500 [A] again. When the magnetizing current is 0 
[A], the current direction switching device 41 is oper- 
ated, to reverse the direction of the magnetizing current. 
The magnetizing current is further gradually decreased. 
When the magnetizing current is - 500 [A] again, the 
magnetic field strength H 4 and the amount of magnetic 
flux <E>4 are measured. The cross-sectional area A4 for 
the fourth time is calculated from the equation (2) using 
the magnetic field strength H 4 and the amount of mag- 
netic flux 0 4 which are measured and the permeability 
n of the cable 40. 

The average cross-sectional area A AV of the cross- 
sectional area A-j for the first time to the cross-sectional 
area A4 for the fourth time which are obtained in the 
above-mentioned manner is calculated. The corrosion 
degree is obtained from the ratio of the calculated aver- 
age cross-sectional area A AV to the reference cross- 
sectional area Aq (if the equation (3) is used, the 
corrosion degree = A AV / A 0 ). 

The average value H AV of the magnetic field 
strength H 1 to the magnetic field strength H 4 which are 
respectively obtained for the first time to the fourth time 
is calculated, and the average value <t> AV of the amount 
of magnetic flux 0> 1 for the first time to the amount of 
magnetic flux <P 4 for the fourth time is calculated. The 
average cross-sectional area A AV may be found using 
the average values H AV and o AV . 

The number of times of the measurements of the 
magnetic field strength and the amount of the magnetic 
flux is not limited to four as described above. It goes 
without saying that it may be 2, 3 or 5 or more. 

With respect to the long cable 40, the degree of cor- 
rosion of the entire length of the cable 40 can be evalu- 
ated, by repeating the above-mentioned measurements 
while gradually changing the positions where the mag- 
netizer 20 and the detecting coil device 1 are attached 
(by a length nearly corresponding to the length of the 
magnetizer 20). 

When the cable 40 is not bare but is covered with 
any non-magnetic material (for example, concrete), the 
above-mentioned measuring method can be also used. 
In this case, the magnetizer 20 and the detecting coil 
device 1 may be so provided as to enclose the whole of 
the non-magnetic material with which the cable 40 is 
coated. When the cable is coated, the degree of corro- 
sion of the cable cannot be viewed, so that the above- 
mentioned method is particularly effective. 

Although in the foregoing, the measured cross-sec- 
tional area A and the reference cross-sectional area Aq 
are arithmetically compared with each other, to find the 
corrosion degree, there are various methods of finding 
the corrosion degree. For example, if a calibration curve 
is previously drawn on paper respectively taking the 


cross-sectional area A and the corrosion degree along 
the abscissa and the ordinate (or is stored in the merry 
of the computer 44), the corrosion degree can be 
obtained from the measured cross-sectional area A uti- 
lizing the calibration curve. Not the cross-sectional 
areas A and Aq themselves but values proportional 
thereto can be also used. Further, if all the measure- 
ments are made with the magnetic field strength H 
being kept constant, the degree of corrosion can be 
known directly (without calculating the cross-sectional 
area) from the measured amount of magnetic flux <b 

Figs. 5a to 5c illustrate the detecting coil device 1 in 
a slightly enlarged manner, where Fig. 5a is a front view, 
Fig. 5b is a side view, and Fig. 5c is a cross-sectional 
view taken along a line VC - VC shown in Fig. 5a. Figs. 
6a to 6c illustrate a bobbin constituting the detecting coil 
device 1 in a further enlarged manner, where Fig. 6a is 
a front view, Fig. 6b is a side view, and Fig. 6c is a bot- 
tom view. 

The detecting coil device 1 has an annular shape 
as a whole, and comprises two half members 3 and 4 in 
a shape obtained by just halving the annular shape. The 
half members 3 and 4 are formed of a non-magnetic 
and insulating material such as synthetic resin. The 
inside diameter of the detecting coil device 1 is made 
approximately the same as the outside diameter of the 
cable 40 (or a material covering the cable). 

The half member 3 includes a semicircular bobbin 
2. Flanges 2a are formed on both sides of the semicir- 
cular bobbin 2, and several coil portions 12 are mounted 
in a mutually insulated state on an outer peripheral sur- 
face of the bobbin 2 between the flanges 2a. Connec- 
tors 13 are provided at both ends of the bobbin 2, and 
both ends of the coil portions 12 are respectively con- 
nected the connectors 13. 

The half member 3 is provided with a semicircular 
outer cover 6 which is a little larger than the bobbin 2 in 
diameter, and the bobbin 2 and the outer cover 6 are 
coupled to each other by side plates 1 1 on their side 
surfaces. 

The half member 4 is of almost the same construc- 
tion as that of the half member 3, and includes a semi- 
circular bobbin 5 and an outer cover 7 which is larger 
than the semicircular bobbin 5 in size. Side plates 1 1 
are attached on both side surfaces of the bobbin 5 and 
the outer cover 7. Several coil portions are provided on 
an outer peripheral surface of the bobbin 5, and are 
connected to connectors at both ends of the bobbin 5. 

Four Hall elements 10 are provided at approxi- 
mately 90° intervals in spaces inside the half members 
3 and 4. 

Connectors 9 are provided on the side plates 1 1 on 
one side surface of the detecting coil device 1. The Hall 
elements 10 are connected to the connectors 9. Shield 
lines 16 are connected to the connectors 9, so that out- 
put signals of the Hall elements 10 are led outward, and 
are fed to the magnetic field measuring device 42. A 
connector 8 is also provided on the side surface of the 
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detecting coil device 1. The coil portions 12 are con- 
nected to the connector 8. A shield line 15 is connected 
to the connector 8, so that a detecting coil (formed of the 
coil portions 12) is connected to the magnetic flux 
measuring device 43. 

Catch grips 14 which are paired are mounted on 
ends of the half members 3 and 4 of the detecting coil 
device 1 . The half member 3 and the half member 4 are 
separably coupled to each other by the catch grips 14, 
to constitute the detecting coil device 1 . 

In the execution of the work for measuring the cor- 
rosion degree of the cable 40, the catch grips 14 are 
opened, whereby the detecting coil device 1 is divided 
into the half members 3 and 4. The cable 40 (or the cov- 
ering member on the cable when the cable is covered) 
is interposed between the two half members 3 and 4. 
The annular detecting coil device 1 is formed by closing 
the catch grips 14, and is firmly fixed to the cable 40. 
The connectors 13 provided in the half member 3 and 
the connectors (not shown) provided in the half member 
4 are electrically connected to each other, so that the 
coil portions 12 provided in the half member 3 and the 
coil portions (not shown) provided in the half member 4 
are so electrically connected to each other as to be 
wound around the cable 40 (by several turns), whereby 
the detecting coil is formed. 

The shield line 15 is connected to the connector 8, 
so that the detecting coil is connected to the magnetic 
flux measuring device 43. Similarly, the shield lines 16 
are connected to the connectors 9. so that the Hall ele- 
ments 10 are connected to the magnetic field measur- 
ing device 42. 

Figs. 7a and 7b illustrate a reel 29 included in the 
magnetizer 20, where Fig. 7a is a front view, and Fig. 7b 
is a cross-sectional view taken along a line VMB - VIIB 
shown in Fig. 7a. 

The magnetizer 20 is constructed by winding the 
magnetizing coil C around the reel 29. The reel 29 is 
formed of a non-magnetic material, for example, alumi- 
num. 

The reel 29 comprises two semicylinders 21 and 
22. Flanges 21a are formed at both ends of the semicyl- 
inder 21 , and flanges 22a are formed at both ends of the 
semicylinder 22. A plurality of screw holes 24 are 
formed in a joint portion of the flanges 21a and 22a. An 
opening 27 for drawing ends of a coil from inside of the 
reel 29 is formed in the flange 22a of the semicylinder 
22. 

The semicylinder 21 and the semicylinder 22 are so 
butted together as to constitute a cylinder, and plates 25 
are placed in respective joint portions of the flanges 21a 
at both ends of the semicylinder 21 and of the flanges 
22a at both ends of the semicylinder 22. The plate 25 is 
screwed on the flanges 21a and 22a through the screw 
holes 24, so that the semicylinder 21 and the semicylin- 
der 22 are coupled to each other to be a cylinder (reel). 
The inside diameter of this cylinder (reel) is so made 
large enough to contain inside thereof the cylinder of the 


above-mentioned detecting coil device 1 . 

In the work for measuring the corrosion degree of 
the cable 40, the detecting coil device 1 is first mounted 
on the cable 40 as described above. The cable 40 and 
the detecting coil device 1 mounted thereon are covered 
with the semicylinders 21 and 22 so as to be enclosed 
thereby, and the semicylinders 21 and 22 are coupled to 
each other by screwing, to form the reel 29. The reel 29 
is fixed by the fixing band 30 as described later. The 
detecting coil C is manually wound around the reel 29. 
The detecting coil C is in regular or normal winding in 
order to uniformly magnetise the cable 40. For example, 
the detecting coil C is wound into four layers with 25 
turns per layer. Both ends of the magnetizing coil C are 
pulled out of the opening 27, and are connected to the 
current direction switching device 41 . By the foregoing, 
the magnetizer 20 is constructed. The magnetizing coil 
C may be mechanically wound using a motor or the like. 

Considering the workability, it is preferable that the 
number of turns of the magnetizing coil C is reduced (for 
example, 50 - 500 turns), and a large magnetizing cur- 
rent flows through the magnetizing coil C. 

Figs. 8a, 8b and 8c illustrate a fixing band, where 
Fig. 8a is a front view, Fig. 8b is a cross-sectional view 
taken along a line VIIIB - VIIIB shown in Fig. 8a, and Fig. 
8c is a cross-sectional view taken along a line VIIIC - 
VIIIC shown in Fig. 8a. 

A fixing band 30 comprises semicircular half mem- 
bers 31 and 32. The fixing band 30 is also formed of a 
non-magnetic material. 

Fixing pieces 33 are formed at both ends of each of 
the half members 31 and 32 in its radial direction. Screw 
holes 34 are formed in the fixing pieces 33. The half 
members 31 and 32 are so butted together as to consti- 
tute a circle, and are coupled to each other by screwing, 
through the screw holes 34, the fixing pieces 33 of the 
half members 31 and 32 which are brought into contact 
with each other. 

Rubber packings 35 are attached along inner 
peripheral surfaces of the half members 31 and 32. The 
inside diameter of the fixing band 30 is made approxi- 
mately the same as the outside diameter of the cable 40 
(or the cover member on the cable 40). An inner periph- 
eral surface of the fixing band 30 and an outer periph- 
eral surface of the cable 40 are tightly made contact with 
each other by the rubber packings 35. 

A flange 36 extending outward is formed in posi- 
tions slightly inside the outer peripheral surfaces of the 
half members 31 and 32. When the fixing band 30 is so 
mounted on the cable 40 that the fixing band 30 loosely 
enters a center hole 28 of the flanges 21a and 22a of 
the reel 29 in the magnetizer 20, and the flange 36 is 
brought into contact with the flanges 21a and 22a. the 
reel 29 is rotatably held by the fixing band 30. Coil wind- 
ing work can be made easy by rotating the reel 29 when 
the detecting coil C is wound. 

The fixing band 30 need not be necessarily pro- 
vided on both sides of the magnetizer 20. When the 
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cable 40 is inclined as shown in Fig. 1, the fixing band 
30 may be mounted only on the lower side of the mag- 
netizer 20. Unless the cable 40 is inclined, the fixing 
band 30 is not necessarily required. 

As many apparently widely different embodiments 
of the present invention can be made without departing 
from the spirit and scope thereof, it is to be understood 
that the invention is not limited to the specific embodi- 
ments thereof except as defined in the appended 
claims. 

Claims 

1. A method of measuring a corrosion degree of a 
cable, comprising the steps of: 

magnetizing an object cable of measurement 
whose corrosion degree is to be measured; 
detecting strength of a magnetic field for mag- 
netizing the object cable of measurement; 
detecting an amount of magnetic flux passing 
through the magnetized object cable of meas- 
urement; 

calculating a value relating to a cross-sectional 
area of the object cable of measurement on the 
basis of the detected magnetic field strength, 
the detected amount of magnetic flux, and per- 
meability of the object cable of measurement; 
and 

measuring a degree of corrosion of the object 
cable of measurement on the basis of compar- 
ison between the calculated value relating to 
the cross-sectional area of the object cable of 
measurement and a value relating to a cross- 
sectional area of a reference cable. 

2. The method according to claim 1 further comprising 
the steps of 


cross-sectional area calculating means for cal- 
culating a value relating to a cross-sectional 
area of the object cable of measurement on the 
basis of the magnetic field strength detected by 
5 said magnetic field measuring device, the 

amount of magnetic flux detected by said mag- 
netic flux measuring device, and permeability 
of the object cable of measurement; and 
means for producing an output signal repre- 
10 senting a degree of corrosion of the object 

cable of measurement on the basis of compar- 
ison between the value relating to the cross- 
sectional area calculated by said cross-sec- 
tional area calculating means and a value relat- 
es ing to a cross-sectional area of a reference 
cable. 

4. An apparatus for measuring the corrosion degree of 
a cable, comprising: 

20 

a magnetizing coil for magnetizing an object 
cable of measurement whose corrosion degree 
is to be measured; 

a magnetic field measuring device for detecting 
25 strength of a magnetic field formed by said 

magnetizing coil; 

a magnetic flux measuring device for detecting 
an amount of magnetic flux passing through 
the object cable of measurement which is mag- 

30 netized by said magnetizing coil; and 

cross-sectional area calculating means for cal- 
culating a value relating to a cross-sectional 
area of the object cable of measurement on the 
basis of the magnetic field strength detected by 

35 said magnetic field measuring device, the 

amount of magnetic flux detected by said mag- 
netic flux measuring device, and permeability 
of the object cable of measurement. 


winding a magnetizing coil around the object 40 
cable of measurement, and 
causing a current to flow through said magnet- 
izing coil, to magnetize the object cable of 
measurement. 

45 

3. An apparatus for measuring a corrosion degree of a 
cable, comprising: 

a magnetizing coil for magnetizing an object 
cable of measurement whose corrosion degree so 
is to be measured; 

a magnetic field measuring device for detecting 
strength of a magnetic field formed by said 
magnetizing coil; 

a magnetic flux measuring device for detecting ss 
an amount of magnetic flux passing through 
the object cable of measurement which is mag- 
netized by said magnetizing coil; 


5. An apparatus for measuring a corrosion degree of a 
cable, comprising: 

a magnetizing coil for magnetizing an object 
cable of measurement whose corrosion degree 
is to be measured; 

a magnetic field measuring device for detecting 
strength of a magnetic field formed by said 
magnetizing coil; and 

a magnetic flux measuring device for detecting 
an amount of magnetic flux passing through 
the object cable of measurement which is mag- 
netized by said magnetizing coil. 

6. An apparatus for detecting a corrosion degree, 
comprising: 

a magnetizer including a reel to be arranged so 
as to enclose a part of an object of measure- 
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ment, and a magnetizing coil to be wound 
around the reel, said reel being separable into 
a plurality of portions; 

a detecting coil device including a bobbin to be 
arranged so as to enclose a part of the object s 
of measurement and to be disposed inside the 
reel in said magnetizer, and a detecting coil to 
be wound around the bobbin, said bobbin 
being separable into a plurality of portions; and 
a magnetic field detecting element to be 10 
arranged inside the reel in said magnetizer. 

7. The apparatus according to claim 6, wherein said 
magnetic field detecting element is provided inside 
the bobbin in said detecting coil device. is 

8. The apparatus according to claim 6, wherein in said 
detecting coil device, said detecting coil comprises 
coil portions provided in a plurality of separable por- 
tions of said bobbin and connectors connected to 20 
both ends of the coil portions, the corresponding 
connectors in the bobbin Portions being coupled to 
each other when the bobbin portions are so cou- 
pled to each other as to form the bobbin, thereby 
the coil portions connected to each other form said 25 
detecting coil. 

9. A magnetizer comprising a reel to be arranged so 
as to enclose a part of an object of measurement 
and separable into a plurality of portions, means for 30 
coupling the plurality of portions of said reel to each 
other, and a magnetizing coil to be wound around 
said reel. 

10. A detecting coil device comprising a bobbin to be 35 
arranged so as to enclose a part of an object of 
measurement, and a detecting coil to be provided in 

a state where it is wound around the bobbin, said 
bobbin being separable into a plurality of portions, 
said detecting coil comprising coil portions respec- 40 
tively provided in the plurality of separable portions 
of said bobbin and connectors connected to both 
ends of the coil portions, the corresponding con- 
nectors in the bobbin portions being coupled to 
each other when the bobbin portions are so cou- 45 
pled to each other as to form the bobbin, thereby 
the coil portions connected to each other form said 
detecting coil. 

11. The detecting coil device according to claim 10, so 
wherein said bobbin is provided with a magnetic 
field detecting element 

12. A band for fixing a magnetizer to be provided on an 
object of measurement, being separable into a plu- ss 
rality of portions, and comprising means for cou- 
pling the plurality of portions to each other, and a 
flange protruding outward. 
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